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Abstract
The ability to perceive bodily signals (interoceptive sensitivity) modulates
emotional experience. However, there is scarce evidence that interoceptive
sensitivity also modulates the use of emotion regulation strategies. The present
study investigated whether individual differences in interoceptive sensitivity are
associated with the habitual use of two main emotion regulation strategies:
reappraisal (antecedent-focused) and suppression (response-focused). All
participants (N. =. 402) completed the Emotion Regulation Questionnaire and
underwent the heartbeat perception task. Individuals with higher interoceptive
sensitivity showed both greater habitual reappraisal and suppression use
compared to those with lower interoceptive sensitivity. These findings suggest
that better detection of ones' bodily signals facilitates the selection and
implementation of antecedent-focused as well as response-focused emotion
regulation strategies. © 2015 Elsevier Ltd.
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The ability to perceive bodily signals (interoceptive sensitivity)modulates emotional experience. However, there
is scarce evidence that interoceptive sensitivity also modulates the use of emotion regulation strategies. The
present study investigated whether individual differences in interoceptive sensitivity are associated with the
habitual use of two main emotion regulation strategies: reappraisal (antecedent-focused) and suppression (re-
sponse-focused). All participants (N = 402) completed the Emotion Regulation Questionnaire and underwent
the heartbeat perception task. Individuals with higher interoceptive sensitivity showed both greater habitual re-
appraisal and suppression use compared to those with lower interoceptive sensitivity. These ﬁndings suggest
that better detection of ones' bodily signals facilitates the selection and implementation of antecedent-focused
as well as response-focused emotion regulation strategies.
© 2015 Elsevier Ltd. All rights reserved.
1. Introduction
In their daily lives, humans do not only have access to external envi-
ronmental cues, but they also perceive signals from the inner body that
provide a sense and feedback of their physiological condition (Herbert &
Pollatos, 2012). This accurate self-perception of visceral activity and
changes arising from the body classically refers to the concept of “inter-
oceptive sensitivity” (IS) (Craig, 2003).
When considering the current literature, it appears that IS presents
an important component of emotional processing and experience. In-
deed, early theories of emotion, such as those proposed by James
(1884) and Damasio (1994), postulate that bodily reactions play a cru-
cial role in subjective emotional experience. Concretely, they argue that
emotional stimuli automatically trigger changes in bodily physiology
and that the perception of the latter forms the basis of emotional
feelings.
With regard to IS, more recent studies have shown that IS correlates
positively with the ability to understand and describe ones' feelings.
Besides, when viewing affective pictures, higher IS is associated with
stronger links between actual bodily arousal (heart rate) and subjective
arousal ratings (Dunn et al., 2010; Pollatos, Herbert, Matthias, &
Schandry, 2007).
Of particular interest, research indicates that IS does not only
inﬂuence emotional experience, but also affects the regulation of emo-
tional responses. For example, IS is positively associatedwith frustration
tolerance, affect differentiation and affect tolerance (Weiss, Sack,
Henningsen, & Pollatos, 2014). Besides, IS has been shown to facilitate
the successful down-regulation of negative emotion via reappraisal
strategies (Füstös, Gramann, Herbert, & Pollatos, 2013).
Taken together, these preliminaryﬁndings suggest that ISmayplay a
crucial role in emotion regulation processes. However, the above-
mentioned studies have exclusively focused on the relation between
IS and reappraisal abilities (Füstös et al., 2013), without examining the
habitual use of other, more speciﬁc emotion regulation strategies.
Therefore, the present study investigated whether IS modulates the ha-
bitual use of two main emotion regulation strategies: reappraisal and
suppression.
Emotion regulation typically refers to the processes by which indi-
viduals modulate their emotional experiences, expressions, and the
situations giving rise to the emotion (Gross, 2002). As emotions unfold
over time, emotion regulation strategies are often differentiated along
the timeline of the emotion- generative process (Gross, 2002).
Consequently, two types of regulation strategies can be deﬁned on the
basis of whether they are used before response tendencies become ac-
tive (i.e., antecedent-focused) or once the emotional response has
been triggered (i.e., response-focused) (Gross, 1998).
With regard to antecedent-focused strategies, most research has
concentrated on reappraisal, which involves changing the way of
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thinking about an emotion eliciting event in order tomodulate the emo-
tional impact of the situation. Reappraisal is broadly considered as a
beneﬁcial and adaptive regulation strategy, leading to healthier
patterns of affect, greater well-being and enhanced interpersonal func-
tioning (John& Gross, 2004). By contrast, the response-focused strategy
of suppression refers to the inhibition of the outward signs of an ongoing
emotion via a deliberate reduction of emotion expression. The latter ap-
pears to be oftenmaladaptive, causing diminished control of emotion as
well as decreased well-being and more negative social consequences
(John & Gross, 2004).
In view of the above-mentioned information, the current study
aimed to ﬁll the gap in the literature about IS and emotion regulation
by examining whether IS is associated with the habitual implementa-
tion of reappraisal and suppression strategies. Speciﬁcally, given that
high IS facilitates emotion regulation via reappraisal (Füstös et al.,
2013) and that IS is positively associated with the beneﬁcial effects of
reappraisal (e.g., well-being; Herbert, Blechert, Hautzinger, Matthias, &
Herbert, 2013), we hypothesized a positive relation between IS and
the habitual use of reappraisal. Furthermore, because high IS is
negatively associated with the deleterious consequences of expressive
suppression (e.g., altered physical and mental health; Aldao, Nolen-
Hoeksema, & Schweizer, 2010), we hypothesized that IS will be nega-
tively associated with the habitual use of suppression.
2. Methods
2.1. Participants
Four hundred and two participants (158 men) with a mean age of
23.27 (SD = 4.58) took part in the study. Participants were screened
for health status using an anamnestic questionnaire. Theywere only in-
cluded if they did not have a history of any Axis 1 disorder. All partici-
pants gave their written informed consent. They received an amount
of 5€ in return for their participation. Experiments were conducted in
accordance with the Declaration of Helsinki and with the approval of
the local ethics committee.
2.2. Material
2.2.1. Emotion regulation strategies
A German translation (Abler & Kessler, 2009) of the Emotion
Regulation Questionnaire (ERQ; Gross & John, 2003) was used to assess
the habitual use of reappraisal and suppression. The ERQ consists of 6
items measuring reappraisal (e.g., I control my emotions by changing
theway of thinking about the situation I'm in) and4 itemsmeasuring sup-
pression (e.g., I control my emotions by not expressing them). Participants
are required to indicate whether they agree with each statement on a
7-point scale ranging from 1 (=strongly disagree) to 7 (=strongly
agree). The questionnaire demonstrates good scale score reliability for
the suppression (Cronbach's alpha = .76) and reappraisal factors
(Cronbach's alpha = .74) (Abler & Kessler, 2009).
2.2.2. Heartbeat perception task
Participants sat in a sound-attenuated chamber and IS was assessed
using four heartbeat counting phases (varying in length) in accordance
with theMental TrackingMethod (Schandry, 1981). Therefore, ECGwas
prepared by attaching nonpolarizable Ag–AgCl electrodes to the right
mid-clavicle and lower left rib cage. Participants were requested to
count their own heartbeats silently between onset and offset of an
acoustic signal. During heartbeat counting (four phases in random
order: 15 s; 25 s; 35 s and 45 s), participants were not permitted to
take their pulse or to use any other forms ofmanipulation thatmight fa-
cilitate the task. At the end of the counting phase, participants were
asked to verbally report the number of counted heartbeats. IS was esti-
mated as the mean heartbeat perception score according to the follow-
ing transformation: 1/4 Σ (1 − (|recorded heartbeats − counted
heartbeats|) / recorded heartbeats). The computed score can vary be-
tween 0 and 1, with higher scores indicating more accurate heartbeat
perception and thus higher IS.
2.3. Procedure
Thepresent research is part of a larger study about interoception and
psychological functioning. All participants ﬁrst realized the heartbeat
perception task and then ﬁlled in the ERQ.
3. Results
Two participants presenting IS or ERQ scores of more than 3
standard deviations above the mean were discarded as outliers. Before
performing statistical analysis, skewness and kurtosis of the data were
examined. All parameters were between -1 and 1, indicating that the
data are univariately normally distributed. The mean heartbeat percep-
tion score was .69 (SD= .18, range= .16–1.00), and themeans (SD) of
reappraisal and suppression scores were 4.42 (1.05) and 3.54 (1.24),
respectively.
Results reveal signiﬁcant correlations between IS and reappraisal
scores (r= .17; p= .001) as well as between IS and suppression scores
(r= .17; p= .001) (Fig. 1). With regard to gender, females used more
suppression than males (females: M = 3.65; SD = 1.27; males: M =
3.37; SD = 1.18; F(1, 399) = 4.75; p = .03). No group differences
were found neither for IS nor for the use of reappraisal strategies
(ps N .45).
4. Discussion
In the present study, we examinedwhether individual differences in
IS were related to the habitual use of two different emotion regulation
strategies: reappraisal and suppression. In accordancewith our hypoth-
esis, IS was positively correlated with reappraisal use, suggesting that
Fig. 1. Correlations between Emotion Regulation Questionnaire (ERQ) scores for each
strategy (reappraisal and suppression) and IS scores.
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better perception of one's bodily signals is associated with a more fre-
quent use of antecedent-focused andmore adaptive emotion regulation
strategies. Furthermore, we observed that higher levels of IS are related
to greater use of suppression strategies.
Globally, this pattern of results supports previous ﬁndings empha-
sizing a link between IS and emotion regulation capacities (Füstös
et al., 2013) and extends current knowledge by showing that differ-
ences in bodily perception affect the use of various types of emotion reg-
ulation strategies (see also Pollatos, Matthias, & Keller, 2015). In respect
to reappraisal, the observed positive relation between IS and reappraisal
implementation is in accordance with data from Füstös et al. (2013),
indicating that IS facilitates emotion down-regulation via reappraisal.
More precisely, these data showed that applying reappraisal while
looking at aversive pictureswas accompanied by a signiﬁcant reduction
in P300 and slow wave amplitudes that correlated with IS scores,
suggesting that increased awareness of ongoing bodily changes is relat-
ed to more successful emotion regulation in response to negative
affect. Similarly, Van't Wout, Faught, and Menino (2013) observed
that participants with higher IS reported less emotional involvement
during an unfair decision making game when applying a reappraisal
strategy. Therefore, the present results support the positive association
between IS and effective reappraisal implementation and, more impor-
tantly, extend previous ﬁndings by indicating that individuals with
higher IS report using signiﬁcantly more reappraisal than those with
lower IS.
Regarding the effect of IS on suppression use, results suggest that
high IS facilitates the inhibition of ongoing emotion via a deliberate re-
duction of emotion expression. Although this result contradicts our ini-
tial hypothesis, several potential explanations and interpretations can
be considered. First, onemay argue that IS facilitates the use of any reg-
ulation strategy because perceiving bodily changes might ease their
modulation, regardless what strategy one uses. Second, although re-
search ﬁndings mainly suggest that suppression has negative cognitive,
social and affective consequences and therefore appears to be less adap-
tive than reappraisal (Augustine & Hemenover, 2009), evidence has nu-
anced these assumptions. Recent data indeed suggest that suppression
is not in any case maladaptive, but, on the contrary, can be an adequate
strategy, depending on context, emotion type and the purpose of regu-
lation. Kalokerinos, Greenaway, and Denson (2014) observed for in-
stance that reappraisal successfully down-regulates experienced
positive emotion, whereas suppression reduces the expression but not
the experience of positive emotion. Hence, suppressionmight be an ap-
propriate strategywhen trying to inhibit emotion display (e.g., in social-
ly inappropriate contexts) without having to renounce the beneﬁts of
experiencing positive emotion. In line with this, Meyer, Smeets,
Giesbrecht, and Merckelbach (2012) showed that suppression does
not have any detrimental consequences when used to regulate ones' af-
fects in everyday experiences. Furthermore, the current literature em-
phasizes that it is less the type of strategy, but rather the regulatory
ﬂexibility that is important (Bonanno & Burton, 2013) such that differ-
ent emotion regulation strategies should be used in a ﬂexible manner
according to the characteristics of the situation (Aldao, 2013). These
empirical ﬁndings and theoretical approaches shed new light on the
present results and reinforce the idea that better IS may facilitate the
use of a rich palette of emotion regulation strategies. It could indeed
be assumed that a more accurate detection of ongoing bodily changes
increases the overall ability to use a wide range of emotion regulation
strategies. Third, the interaction between high arousal responses
(e.g., Grynberg & Pollatos, 2015; Pollatos et al., 2007) and a more accu-
rate detection of bodily changes in response to an emotional event, may
lead to higher necessity to regulate emotional responses and to higher
abilities to implement an adequate emotion regulation strategy, inde-
pendently of whether the emotion has already been fully triggered or
not. In other terms, higher IS may promote the selection and use of a
regulation strategy that is most appropriate in response to a given emo-
tional challenge and that allows for an optimal adaptation.
Finally, the previous research supports the idea that IS plays a
central role in behavioral adaptation through self-regulation processes
(Herbert, Muth, Pollatos, & Herbert, 2012; Herbert, Ulbrich, &
Schandry, 2007). Self-regulation refers to people's general capacity to
override and alter their responses, namely through self-monitoring
and judgement of one's behavior according to personal standards or en-
vironmental context (Maes & Karoly, 2005). For instance, it has been
demonstrated that relative to participants with low IS, those with high
IS exerted less physical effort during a free cycling task, and adjusted
the degree of physical and cardiovascular load according to their better
perception of bodily symptoms and fatigue (Herbert et al., 2007, 2012).
Taken together, these ﬁndings thus suggest that IS inﬂuences general
self-regulation abilities by improving emotional and non-emotional
strategies.
5. Limitations and perspectives
One limitation of the current study might be that IS has been exclu-
sively quantiﬁed via themental tracking task, awidespread and efﬁcient
method, but that is notwithout critics (e.g., potential inﬂuence of beliefs
about one's resting heart rate; Ring, Brener, Knapp, & Mailloux, 2015).
Furthermore, although IS has been primarily linked to adaptive behav-
iour, research also revealed increased IS in clinical populations that are
usually characterized by ineffective emotion regulation (i.e., panic dis-
order, social anxiety; Domschke et al., 2010; Stevens et al., 2011).
Finally, even if the ERQ self-report is a valid and reliable measure of
participant's tendency to use reappraisal and suppression strategies, it
does not allow inferring the effectiveness of these strategies in partici-
pants' real life. In consequence, further studies should rely on various
IS measures and evaluate emotion regulation in a more ecological man-
ner, for instance in response to concrete emotion eliciting events.
To conclude, the present study provides evidence indicating that
higher IS is associated with both greater habitual reappraisal and sup-
pression use. In other terms, better detection of ongoing bodily changes
may facilitate the implementation of antecedent- as well as response-
focused emotion regulation strategies.
References
Abler, B., & Kessler, H. (2009). Emotion Regulation Questionnaire — Eine deutschsprachige
Fassung des ERQ von Gross und John. Diagnostica, 55, 144–152.
Aldao, A. (2013). The future of emotion regulation research: Capturing context.
Perspectives on Psychological Science, 8(2), 155–172. http://dx.doi.org/10.1177/
1745691612459518.
Aldao, A., Nolen-Hoeksema, S., & Schweizer, S. (2010). Emotion-regulation strategies
across psychopathology: A meta-analytic review. Clinical Psychological Review, 30,
217–237. http://dx.doi.org/10.1016/j.cpr.2009.11.004.
Augustine, A. A., & Hemenover, S. H. (2009). On the relative effectiveness of affect regula-
tion strategies: A meta-analysis. Cognition and Emotion, 23(6), 1181–1220. http://dx.
doi.org/10.1080/02699930802396556.
Bonanno, G. A., & Burton, C. L. (2013). Regulatory ﬂexibility an individual differences per-
spective on coping and emotion regulation. Perspectives on Psychological Science, 8(6),
591–612.
Craig, A. (2003). Interoception: The sense of the physiological condition of the body.
Current Opinion in Neurobiology, 13(4), 500–505. http://dx.doi.org/10.1016/S0959-
4388(03)00090-4.
Damasio, A. R. (1994). Descartes' error: Emotion, reason and the human brain. New York,
USA: Grosset/Putnam.
Domschke, K., Kirchhof, P., Zwanzger, P., Gerlach, A. L., Breithardt, G., & Deckert, J. (2010).
Coincidence of paroxysmal supraventricular tachycardia and panic disorder: Two
case reports. Annals of General Psychiatry, 9(1), 1–3. http://dx.doi.org/10.1186/1744-
859X-9-13.
Dunn, B. D., Galton, H. C., Morgan, R., Evans, D., Oliver, C., Meyer, M., et al. (2010).
Listening to your heart how interoception shapes emotion experience and intuitive
decision making. Psychological Science, 21(12), 1835–1844. http://dx.doi.org/10.
1177/0956797610389191.
Füstös, J., Gramann, K., Herbert, B. M., & Pollatos, O. (2013). On the embodiment of emo-
tion regulation: Interoceptive awareness facilitates reappraisal. Social Cognitive and
Affective Neuroscience, 8(8), 911–917. http://dx.doi.org/10.1093/scan/nss089.
Gross, J. J. (1998). Antecedent- and response-focused emotion regulation: Divergent con-
sequences for experience, expression, and physiology. Journal of Personality and Social
Psychology, 74(1), 224–237. http://dx.doi.org/10.1037/0022-3514.74.1.224.
Gross, J. J. (2002). Emotion regulation: Affective, cognitive, and social consequences.
Psychophysiology, 39(3), 281–291.
22 A. Kever et al. / Personality and Individual Differences 87 (2015) 20–23
Gross, J. J., & John, O. P. (2003). Individual differences in two emotion regulation process-
es: Implications for affect, relationships, and well-being. Journal of Personality and
Social Psychology, 85(2), 348–362. http://dx.doi.org/10.1037/0022-3514.85.2.348.
Grynberg, D., & Pollatos, O. (2015). Perceiving one's body shapes empathy. Physiology &
Behavior, 140, 54–60. http://dx.doi.org/10.1016/j.physbeh.2014.12.026.
Herbert, B. M., Blechert, J., Hautzinger, M., Matthias, E., & Herbert, C. (2013). Intuitive eat-
ing is associated with interoceptive sensitivity. Effects on body mass index. Appetite,
70, 22–30. http://dx.doi.org/10.1016/j.appet.2013.06.082.
Herbert, B. M., Muth, E. R., Pollatos, O., & Herbert, C. (2012). Interoception across modal-
ities: On the relationship between cardiac awareness and the sensitivity for gastric
functions. PLoS ONE, 7(5), e36646. http://dx.doi.org/10.1371/journal.pone.0036646.
Herbert, B. M., & Pollatos, O. (2012). The body in the mind: On the relationship between
interoception and embodiment. Topics in Cognitive Science, 4(4), 692–704. http://dx.
doi.org/10.1111/j.1756-8765.2012.01189.x.
Herbert, B. M., Ulbrich, P., & Schandry, R. (2007). Interoceptive sensitivity and physical ef-
fort: Implications for the self-control of physical load in everyday life. Psychophysiology,
44(2), 194–202. http://dx.doi.org/10.1111/j.1469-8986.2007.00493.x.
James, W. (1884). What is an emotion? Mind, 9(34), 188–205.
John, O. P., & Gross, J. J. (2004). Healthy and unhealthy emotion regulation: Personality
processes, individual differences, and life span development. Journal of Personality,
72(6), 1301–1334.
Kalokerinos, E. K., Greenaway, K. H., & Denson, T. F. (2014). Reappraisal but not suppres-
sion downregulates the experience of positive and negative emotion. Emotion. http://
dx.doi.org/10.1037/emo0000025.
Maes, S., & Karoly, P. (2005). Self-regulation assessment and intervention in physical
health and illness: A review. Applied Psychology, 54(2), 267–299. http://dx.doi.org/
10.1111/j.1464-0597.2005.00210.x.
Meyer, T., Smeets, T., Giesbrecht, T., & Merckelbach, H. (2012). The efﬁciency of reapprais-
al and expressive suppression in regulating everyday affective experiences. Psychiatry
Research, 200(2–3), 964–969. http://dx.doi.org/10.1016/j.psychres.2012.05.034.
Pollatos, O., Herbert, B. M., Matthias, E., & Schandry, R. (2007). Heart rate response after
emotional picture presentation is modulated by interoceptive awareness.
International Journal of Psychophysiology, 63(1), 117–124. http://dx.doi.org/10.1016/
j.ijpsycho.2006.09.003.
Pollatos, O., Matthias, E., & Keller, J. (2015). When interoception helps to overcome neg-
ative feelings caused by social exclusion. Frontiers in Psychology, 6. http://dx.doi.org/
10.3389/fpsyg.2015.00786.
Ring, C., Brener, J., Knapp, K., & Mailloux, J. (2015). Effects of heartbeat feedback on beliefs
about heart rate and heartbeat counting: A cautionary tale about interoceptive
awareness. Biological Psychology, 104, 193–198. http://dx.doi.org/10.1016/j.
biopsycho.2014.12.010.
Schandry, R. (1981). Heart beat perception and emotional experience. Psychophysiology,
18, 483–488. http://dx.doi.org/10.1111/j.1469-8986.1981.tb02486.x.
Stevens, S., Gerlach, A. L., Cludius, B., Silkens, A., Craske, M. G., & Hermann, C. (2011).
Heartbeat perception in social anxiety before and during speech anticipation.
Behaviour Research and Therapy, 49(2), 138–143. http://dx.doi.org/10.1016/j.brat.
2010.11.009.
Van't Wout, M., Faught, S., & Menino, D. (2013). Does interoceptive awareness affect the
ability to regulate unfair treatment by others? Frontiers in Psychology, 4. http://dx.doi.
org/10.3389/fpsyg.2013.00880.
Weiss, S., Sack, M., Henningsen, P., & Pollatos, O. (2014). On the interaction of self-
regulation, interoception and pain perception. Psychopathology, 47(6), 377–382.
http://dx.doi.org/10.1159/000365107.
23A. Kever et al. / Personality and Individual Differences 87 (2015) 20–23
